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Abstract: Imiquimod (R-837, S-26308) and the 
logue S-27609 were evaluated for cytokine induction in 
human blood cells. Both compounds induced interferon- 
a (IFN), tumor necrosis factor-a (TNF), interleuldn (IL>- 
lp f and IL-6 with S-27609 being 5 to 10 times more potent* 
Imiquimod and S-27609 also induced IL-la, IL-1 receptor 
antagonist, IX- 10, granulocvte-macrophage colony-sthnu- 
lating factor (GM-GSF), granulocyte CSF (G-CSF), and 
macrophage inflammatory protein- la. The profile of cy- 
tokines induced by imiquimod and S-27609 was different 
from those seen with hpopolysaccharid 
inic-polycytidylic add. Kinetic studies with 
mod and S-27609 revealed induction of cytokines as early 
as 1-4 h after stimulation. Although most of the cytokines 
produced by S-27609 were secreted, significant concen- 
trations of IL-1 a and IL-10 remained intracellular. Mono- 
cytes were largely responsible for the cytokines 
produced. Finally, S-27609-induced mRNA expression 
for TNF, IFN, and IL4J, and this induction did not require 
protein synthesis. Taken together, these studies extend 
previous findings by showing induction of additional 
cytokines and providing insight into the mechanism of 
cytokine induction by these molecules. /. Leukoc Biol 58: 
365-372; 1995. 
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INTRODUCTION 

A new class of immunomodularing agents, represented by 
the molecule imiquimod (R-837, S-26308), has been 
found to be an effective antiviral and antitumor agent in 
animal models. Imiquimod protected guinea piss from 
infection by herpes simplex virus (HSV) when given in- 
tra vaginally, intramuscularly, intraperitoneally, intrader- 
mal^, subcutaneously (SC), and by mouth (PO) [1, 2]. 
Imiquimod reduced recurrences induced in guinea pigs 
by latent HSV infection and, in combination with acy- 
clovir, significantly reduced acute HSV in guinea pigs 
even after lesions had developed [3-5]. Further studies 
indicated that imiquimod was active both prophylactically 
and therapeutically against cytomegalovirus infection in 
guinea pigs [6] and arbovirus infection in mice [7], 

In addition to its antiviral properties, imiquimod inhib- 
ited growth of a number of murine tumors including 
MC-26 colon carcinoma, RIF-1 sarcoma. Lewis lung care? 
noma, and a tumor induced by the chemical carcinogen 
A4445-nitro-2-furyl)-2-miazolyl] formamide [8, 9). Imiqui- 
mod not only inhibited growth of the FCB bladder tumor 



in mice but actually resulted in elimination of tumors 
from these animals [10]. 

Imiquimod has no inherent antiviral or antitumor activ- 
ity in vitro but does stimulate secretion of interferon-a 
(IFN), which is partially responsible for the in vivo antivi- 
ral and antitumor activities. Imiquimod was first found to 
induce serum IFN in guinea pip after topical, PO or SC 
administration [11]. Further studies indicate that imiqui- 
mod induces IFN in other animal species including mice, 
rats, and monkeys [8, 12, 13]. Phase I studies in healthy 
adult males indicated that imiquimod given PO was capa- 
ble of inducing detectable concentrations of serum IFN 
in these volunteers [14-16). Using antibody neutraliza- 
tion, the type of IFN induced by imiquimod was identi- 
fied as greater than 97% IFN-a [14]. Indeed, much of the 
antiviral activity and antitumor activity ascribed to imiqui- 
mod was due to the induction of IFN, but other factors 
seem to contribute as well [2, 4, 8]. More recently, it was 
demonstrated that imiquimod, its hydroxylated metabo- 
lite R-842, and S-27609 stimulated production of a 
number of other cytokines including tumor necrosis fac- 
tor-a (TNF), interieukin (IL)-la, ILrlf), IL6, and TLrS in 
cultures of human peripheral blood mononuclear cells 
(PBMCs) [17, 18]. Furthermore, TNF and IL6 along with 
IFN were detected in the serum of mice following oral 
administration of imiquimod [19]. The same cytokines 
were produced in cultures of mouse spleen and bone 
marrow cells stimulated with imiquimod. In the HSV-in- 
fected guinea pig, imiquimod enhanced HSV-spetifk IL-1 
and IL-2 production and increased HSV-specific cell-me- 
diated immune responses [2]. Finally, Kono et aL [20] 
have demonstrated induction of IL6 and TLB mRNA 
expression in normal and transformed human keratino- 
cytes. Thus, imiquimod induced a number of different 
cytokines and other immunomodulating effects, all of 
which may contribute to its overall biological activity. 

The cell responsible for cytokine induction in imidazo- 
quinoline-sumulated human PBMCs has been under in- 
vestigation. Megyeri et al. [21] have shown that both 
monocytes and B lymphocytes are capable of secreting 
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f FN in response to imiquimod and have further shown 
PBMCo" 0f «RNA IFN. TNF, If^TTllTS 
; BMC «"iures. Studies in our laboratory usimr various 
•eparauon techniques indicated that monocytes i were the 
ceUs hugely responsible for the cytolunes faTduced by 
imiquimod and S-27609 [18]. ™ 

■nus study was undertaken to further characterize cv- 
h^^SE" ft ™* S-27609 in cultures of 

human PBMCs. The cytokine profiles induced by these 
agjents were then compared with those induced L two 
%!?Ja ^. ow " N """'""omodulaton. bacterial upopoiysae- 

nSi.^ "P?" 11,31 <nuquimod and S27609 stimulated 
producuon of the cytokmes TNF, IFN, IL-lp\ and ILoin 
cultures of human PBMCs, with S-27609 being 5- to 10- 
fold more potent than imiquimod. In addition. S-27609 

^X^SvcK^^P^ (CMKSFand 
Suvla fMl PinTi'!? .«nacropbage inflammatory pro- 
5£hi? l— I k aft Inducuon °t *«e cytokines occurs 
97«J? n af L cr «««nient with imiquimod and £ 
27609 Once made, most of the cytokii2s^T«™rf 

EStS^ fP"*™ eoncenuadom oTn^S 
IMP remain inside the cell. Finally, IFN TNF anH n_jj 
mRNA induction by S-27609 watSnKp^Sinl 
absence of cydoheadmide. j»«»ence ana 



MATERIALS AND METHODS 
Isolation of human PBMCs 

10 min at 200r. Cett. were ma^M^TdZ^ ** anaa >V«8for 



Producuon of imracelluiar and exfraceUular cytokines in human 
filter ti«rflaed. k^Tored * 5o^"- "P*™* 6 ™ eoOeeied, 



» mm and panes through . mm fiber to rmw. *brf*" ,-fcr 

o^Sfry" """"Ttc popubiiom were aob^d 
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rate was increased to 10 ml/rain and lymphocytes were collected. TWs 
cctt popuUion contained less than 1% monocytes as mrsmircd by CPU 
expression using a FACScan flow cytometer (Becton Dkkenson* San 
Jose, CAV The now rate was gradually increased 03 an/mm until 50% 
of the cc8s being etutcd were monocytes as me asur ed by forward and 
side scatter using the FACSCAN. Generally, monocytes were collected 
at a flow rate of 19 nil/nun. The purity of the m on ocyt e 
m e asur ed by CD 14 expression was greater than 80%. Cefi populati 



. £i? « "tZSt^L? 0 . ***** wuh 9* consisting of 15 
(Gibco BRL) <nt wed KS^TlXSZ? DNA 



s 

the 



J once with HESS (200* for 10 tain) i 
x 10* cells/ml for culture. 



1 then diluted to 2 



Cytokine measurements in human PBMC culture supematants 

Lewis ofTNT. ^lou IWfc 1L-1RA. 1L6, IL8, GM-GSF. GCSF. and 
MIP-lc were assessed in duplicate for aO enzyme-linked immunosorbent 
assays (EUSAs). TNF and IL-6 concentrations were assessed using 
EUSA kits purchased from Biosource, CamariUo, CA; 11,1a, UVlfi. 
IL-1RA. IIS, CM<SF. GCSF, and MIMa concentrxtions were deter- 
mined using EUSAs purchased from JtleD Systems, Minneapolis, MN. 
Results are presented an pg/ml with coefficients of variation being less 
Chan 10% for each sample. Human IFN was measured using a modifica- 
tion of the antiviral assay described by Brennan and Kronenberg [251 
Data are expressed in IFN U/mJ using a standard reference preparation 
of human leukocyte IFN obtained from the National Institutes of 
Health. Bethesda. MD. 

RT-PCR for mRNA induction 

Human PBMCs (5 ml at 2 x 10* ceils/ml in RFMI complete medium) 
were stimulated for 4 h with S-27609 or LPS. Some of the cultures also 
received cydoheximide (50 ug/ml). Cefls were Chen washed twice with 
PBS and mRNA was extracted using an I nvitr ogen Fast Track mRNA 
isolation kit (Invitrogen, San Diego, CA) according to the "»™yf»r- 
turer't speoficauons. Folyadenytated mRNA (0.1 ug) was used as a 
««np*«c for first-strand complementary DNA synthesis using random 

, Indianapolis, IN) and super- 



... _ — , ^..J Tris-HQ), 5 mM MgQf «w» wur, am u muk 
mlubttor(Cibco BRL). and 50 U of reverse tr aiuc rintase. RT-PCR was 
performed using one-cemh of cDNA tor each reaction. Primer sets for 
gtyceraldchyde Sohosphodehydrogenase, IFN. TNF. and IL6 as wcO as 
cytofcn* positive controU were purchased from Oontech, Palo Aho, CA. 
The cDNA was amplified using 0.2 uM 5* and 5' primers in 50 ul of PCR 
S^^n? m f- n ?ii x buffer (5 ° »M Ka 10 mM Tris-Hd), 13 mM 
MgO* 0.2 mM dNTP, and 05 U AmnGTao DNA polymerase. Amplifi- 
catton was earned out m a Perkin FJmer/Cctus EernuJcyder &00 



Statistical analysis 

Data were analyzed using a paired Snsdeni's Kest. 
ered significant only ifP<M. 



RESULTS 

Initial studies compared imiquimod and S-27609 for in- 
duction of TNF, IFN, IMP, and IL6 in cultures of human 
PBMCs. Results in Table 1 demonstrate that both imiqui- 
mod and S-27609 induced all of the above cytokines* 
however, S-27609 is approximately S-104bld more potent 
than imiquimod at stimulating secretion of these cytoki- 
nes. Production of TNF, ILrlfS, and IL6 by both agents 
was dose dependent, whereas IFN production stimulated 
by imiquimod and S-27609 did not follow a true dose 
response. Using anti-human neutralizing antibodies to the 
various types of IFN (a. 0, and y), the type of IFN induced 
by both imiquimod and S-27609 was found to be greater 
than 98% IFN-cc (data not shown). The concCTtrauons of 
i mi q u i m od or S-27609 required to produce detectable 
concentrations of IFN were lower than those required to 
produce the other three cytokines. TNF, IL-10, and IL6 
were all produced over the same dose range for imiqui- 
mod (1.2-5.0 Mg/ml) and S-27609 (03-3.0 Jig/ml). 

The patterns of cytokines released by S-27609 (S 
Ji£/ml) and imiquimod (5 ug/ml) were then compared 
with the patterns induced by LPS and poly I.-C (Table 2). 
Results showed that S-27609 and imiquimod induced a 
different pattern of cytokines when compared with LPS 

OT eE5ty LC ?ol Z I:C induccd mc Wghest concentrations 
of IFN, with S-27609 and imiquimod inducing only about 



TABLE 1. 



Cytokine Induction by Imiquimod and S-27609 in Cultures of Human PBMCs* 



Cytokine 



IFN 



(pf/nil)orIFN(U/tnl/ 



TNF 



Medium 

IM1Q 
(03) 
(0.6) 
(1.2) 
(23) 
(5.0) 

609 
(0.03) 
(0.1) 
(0.3) 



(1.0) 
(3.0) 



0 
38 
38 
38 
38 



47 

157 
175 
173 



0 
0 
30 
255 
452 



0 
0 
6 
95 
365 



276 
3314 
8.700 



45 

1.080 
2.870 



0 
19 
106 
457 
1.400 



0 
0 

1.430 
4.463 
11.920 
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80% as much as poly LC LPS was the kau cffeeti** 
inducer of IFN; however, it was the most potent inducer 

S-27609 produced 2-4 times less IL-lo. IL6. Vb* tim 
and MIP-lo and 30*0 times less CSFs thanlJS^27609 

and LPS induced similar concentrations of TNF and IL>1B 
and higher concentrations of IL-1RA compared with LPS 
Imiquimod and poly LC were less effective at mdutine 

tw^o.?" 1 com P ared *W> «ther LPSof 

S-27069; however, concentrations of IL-1 RA induced bv 
umo^od andpoly fcC were similar to those induced by 
S27609 and LPS. Imiquimod stimulated higher concen- 
trations of IL6, IL8. and MIP-lo than polf LC outdid 
not significantly induce IL-lo. Poly LC did not induce 
significant produoion of GM-CSF, C-CSF. or MIP-lo. 
These studies dearly show differences in cytokine profiles 
induced by the imidazoqufoolines and the other cytokine 
inducers LPS and poly LC . crc J rw *™ e 

coT£^c Ctic V >f ,f ytokine inducdon » human PBMCs by 
(5 jig/ml) were evaluated (Table 3). TNF induc- 
tion by S-27609 was observed as early as 1 h after incuba- 
tion with amounts peaking at 4-6 h. Concentrations 
remained elevated over the next 18 h of culture. Signifi- 
cant IFN was observed 2 h after S-27609 stimulation with 
™ m ^ a f°" P^P3 at 6 hand remaining constant for 
the next 18 h. Significant elevations of IL-1B and IL6 
concentrations induced by S-27609 were not seen until 4 
h after samubnon. Unlike IFN and TNF, IL-1B and IL6 
concentrations continued to rise throughout die entire 
culture period, with the highest concentrations at 24 h. 
Significant IL8 inducdon By S-27609 waTobSrSe 14 h 
after stimulation with concentradons rising rapidly until 
6 h after simulation. During the next 16 £ ILSroncen- 
trations mcreased fourfold. Tl« concentration* wered* 
tecttd m untreated cultures with the kinetics being quite 
similar to those seen in S27609-stimulated cultures Ki- 
SfJ™' IL6. and IL8 inSon £ 

uniquunod were also evaluated in human PBMCs (Fur. ±7 
Results were similar to those seen with S-27609. 
The next set of studies evaluated intracellular and ex- 

27609 after 24 h of stunulauon of human PBMCs (Table 

^^ enU n ti ° nS °, f IFN ' ™F. IL6. and IL8 found 
inside the ceD were less than 10% of the total cytokine 
that was secreted m response to S-27609 or LPS. IrTco^ 
trast, significant concentrations of IL-lo and IL-1B re- 
™«1 mside me ceU ^n they were stimulated wkh 
SS JUSTS' ^ il 8%) - ^pnixteSSnS ami 

JS tSSSS T^^SX*" upon ***** 

Studies implicating both monocytes and B cells as the 

™£^n < 2 n i I i FI ? 1 , m "XP 0 ™ 10 imiquimod have been 
reported [1* 21] We evaluated monocytes and lympho- 
cytes aotattd by CCE for their ability to producTK 
™ F - » d ^ "> response to S-27609. intiquimod! LPS 
and poly LC (Table 5). Imiquimod, S-27609. and LPS 
produced similar concentrations of IFN in PBMCs and 

ri^S e SST Ched Cuh J ires - Untreated lymphocytes had 
elevated IFN activity; however. IFN concentrations 
duced by imiquimod. S-27609, and LPS wererimuficanS 
tower than those seen in unseparated and m^S 
nched mbpopulauons. Poly LC induced high amcem£ 
uons of IFN in all three cell populations. 

ri^ Uim0d V^^ 09 - and LPS mduced significant con- 
cemrauons of TNF in monocyte<nriched taTnw 
phocyte^nnched cultures. Concentrations of TNF 
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TABLES. 



of Cytokine Induction in 



PBMCs by STteOT 



• <U/auf 



IFN (U/ad) 



H4<pa/arf) 



IL«<p*/D 



Time (h) Mcdaim' S17609 



I 
2 
4 
6 
8 
24 



0 t±0.7 2±1 64142 

0 56± 15 212 4161110* 

0 1531 45* 6.14 13561 190* 

0 260 1 94- 7.15 S.400 11.755* 

0 2451 72* 171 » 23771704* 



0.710.7 0.710.7 1.4113 



63143 



0.710.7 7.217.2 4.915.1 15319.1 

0.710.7 5151276* 2.411.7 1.7751566* 

03103 9291559* 18118 4.754 1S77* 

0.7103 1305 1595* 63163 7.1571 1.191* 



17114 1871154 
138156 1.4781603 

1.1511830 113501 UTM- 

2.96211310 4039514355* 

97411349 85.18018372* 



3031 96* 1018 23671407* 03103 23651941* 4314.4 14.76012326* 732512.495 181.400126388* 



"Human PBMCt were stimulated for various times 
then analyzed for various cytokine levels. 



control. 
*IFN 

inpe/, 



with S-27609 (3 Mg/ml). 
as the mean 1 siu 



In U/mLAll 



which the 




with the aprxopriai 



; El ISA and are presented 



Control cultures were cells 



in RPMI 



stimulated by S-27609 and LPS were slightly higher in 
monocyte cultures than in unseparated PBMC cultures. 
Poly I:C was ineffective at inducing significant TNF in all 
three populations. All four stimuli induced significant 
concentrations of TL6 in unseparated PBMCs and mono 
cyte-enriched cultures but not in lymphocyte^nriched cul- 
tures. These data further support the important role of 
monocyte/macrophages as the major cell responsible for 
cytokine induction by the imidazoquinolines. 

To determine whether both RNA synthesis and protein 
synthesis were required for cytokine induction by S- 
27609. cells were stimulated in the presence or absence 
of the protein synthesis inhibitor cydoheximide and the 
RNA synthesis inhibitor actinomycin D (Fig. 3). Results 
are presented as the mean of three experiments and dem- 
onstrate that cydoheximide and actinomycin D signifi- 
cantly inhibit S-27609-induced TNF, IMP, TL6, and IL-8. 
Similar observations were made using LPS and imiqui- 
mod as the stimuli (data not shown). 

Although these data suggest that both protein synthesis 
and RNA synthesis are required for imidazoquinoline-in- 




II is 
Time after treatment (h) 

Fig. 2. Kinetics of cytokine induaion in human PBMCs by imiquimod. 
Human PBMCs (2 x \0 cells/ml) in RPMI complete were incubated for 
I. 2. 4. 8. and 24 h. after which culture supematants were collected, 
niter sierOUed. and assayed for IFN, TNF, 1H0. IL-6. and IL4. Results 
are presented in U/mJ for IFN-a; all other cytokine concentrations are 
presented in pg/ml. Results are presented from a representative experi- 
ment that was repeated two r 



duced cytokine production, they do not demonstrate that 
de novo synthesis is required. The final set of studies 
evaluated cytokine mRNA induction by S-27609. Human 
PBMCs were stimulated with S-27609 or LPS in the pres- 
ence or absence of cydoheximide for 4 h, after which 
mRNA was isolated and analyzed by RT-PCR for induc- 
tion of IFN-a, TNF, and TLA mRNA expression (Fig. 4). 
S-27609 induced increases in IFN-a. TNF, and ILr8 mRNA 
expression when compared with untreated cells. Induc- 
tion of these mRNAs by S-27609 was also potentiated by 
cydoheximide, indicating that protein synthesis was not 
required for mRNA induction. LPS induced increases in 
TNF and IL-8 but not IFN-a mRNA expression when 
compared with untreated cells. Cydoheximide again aug- 
mented the expression of TNF and IL-8 mRNA in re- 
sponse to LPS. Interestingly, cydoheximide induced 
increases in TNF and JLS mRNA expression. 



DISCUSSION 

Imiquimod and the analogue S-27609 are low-molecular- 
weight imidazoquinolines that exhibit potent andviral and 
antitumor activities in a number of animal models when 
given other prophylactically or therapeutically [1-10]. 
Their ability to induce IFN in a number of spedes induct- 
ing humans is well documented and is considered to be a 
major mediator of this class's biological activities [1 1-16]. 
We have demonstrated that imiquimod also induces 
other cytokines in mice [19] and human PBMC cultures 
[17. 18]. 

Imiquimod and S-27609 induce the same cytokine pro- 
file in human PBMCs; however, S-27609 is 5-10 times 
more potenL Weeks and Gibson [17] have shown that 
imiquimod and the imiquimod metabolite R-842 had 
similar potency. Taken together, these results indicate 
that addition of a methyl group at the 2 position increases 
the potency of these molecules. A more complete struc- 
ture-activity relationship of this class of compounds will 
be reported (J.F. Gerster, manuscript in preparation). 

It appears that concentrations or both imiquimod and 
S-27609 required to induce IFN in human PBMCs are 
lower than those required to induce the other cytokines. 
This could be due to preferential induction of IFN at 
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TABLE 4. 



'"'.'/ml) 



' Wml) 




3±03 
89 ± 18 
252 ±39 
424 ± 133* 
9*9 
7.725 ±3.650 



223± HI* 

309 ±82* 
2.477 ±23- 
8^01 ± 1,050* 
132315 ±31376* 



8J±5 
46±24 
470 ±45* 
U22 ± 386* 
24±24 
11.428 ±4.492 



46±32 
1.247 ±330* 
512 ±82* 
3375 ±875* 
7.675 ±1.406* 
188^75 ± 28J78* 



i^rh*^^ "wapennemt < .05 compared with the medium 



f,,r the other cytokines. Th# f n rf,.«s«™ ^771 HS^T ^ concentrations of both CM-CSF and C 

ri»„ concentration, were still 30-50 times less 

than those produced in response to LPS 
mnJ 1 ™ 0 - °£ Cyt ^ e eduction by S-27609 and imiqui- 
°^«««=^r. TNF is first detected as early as 1 h X 
ttotment (this was not significant). IFN, ILi, fL6 land 
™ «riy as 2 h after stimiiati^ "to 

either S27609 or imiquimod. The CSFs aretuTK^Th 
after treatment with S-27609 (data noi^hown)^M,en 
have shown similar kinetics for TNF IL45 n jb 

M^nR LPS and iS?^bS^^ 
Whereas TNF and IFN concentrations plateau 8 h after 
stunulauon, concentration, of IL-lp. IL^d 5ico£ 



■ H nit. r , » aetecnng itN than the ELI- 

'"•l'il..„ T thc ,°, thcr cytokines. The induction of IFN by 
?'m ?' ««i S-27609 does not follow a true dose-S 
./,., rclauonship. whereas that of TNF. IL-1B. andO^ 

• ''''I'lit- 

•i? ,, »'iM,7,,^ n l pann ^ c > ,tokine P rofa « for the different 
>«. demonstrate that imiquimod and S- 

i V "".M ?fr^ erei ? P""™*- Imiquimod and S-27609 
. .. ". ^ut leTeffective than poly 



" iimi I" 1 w vc " us au rowgous serum). Hu- 
l Sly.?JS l b y LPS. u n>e" monocytes are first 



.„., ii of IFN K„ i dc i *" own utue or no 

■^■HiK^Aiafgj n,onocytes first 

witKS 0 ^ 0 ^ W< T P°I ent tod «cers of 
niS^^'SJg *! Wgh«t concentra- 



,„„ w,u, s-27609 inducing the nighes 
' i .'-".""ntnttions of S-27609 that induce IL-1 Ra anH 

?; ,! 5 • Batons ^ >0 - 6 i-S 

I n 1 IiTtSS •nduong sigiufcant concentra- 
li . '* « j mducoon °f RA is probably due to 
. , ' ^^I n w° n w ind indirect mduc *»n by lor 
", 'I' .M.^ tUd,es R"" 1 » »ddre» this hypothesis 

fl' H JK n nd ,r d rimilar concentrations of 
lW lichihiM ^ d MIPla - Both imiquhnod 



•n culture condition, as well ai the donor ceS 




CylokiMladmd 

of nmous concoiiratioro of either ^ESL^JlZ- ■ P rciOT <* 
Supemaunu were S^U«^ mi^^^ 5 r aain « n rtin D. 
a U-lp. IMi. and Tr^TL /"f ^ for TNF- 

conccmrauora arc proemed i„ pgVlO^ * ^ ,w 
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TABLE 5. Monocytes but Not Lymphocytes Produce Cytokines ki Response to S-27609 or lmiquxmod* 









Cytokine co 


metunuion (or/ mil) or IFN concenomd 


oo(U/mlf 










IFN 






TNF 










TrmunciM 


PBMC 


Lymph 


Mono 


rbMC 


Lymph 


Mono 


PBMC 


L r n p h 


Mono 


Medium 


0 


67 ±29 


18 ± 7 


10 1 10 


616 


19 ± 18 


70161 


4119 


22± 11 


tmiquimud (5) 


150 ± 95 


1 ± I* 


67140 


44 1 13 


919* 


42124 


1.0931432 


1314* 


14671428 


S-27609 (S) 


IC4 ± 89 


9*4* 


1971121 


3501 128 


0* 


9541472 


3«41 1406 


3616* 


5.98412.024 


LPSO) 


4S±32 


1±I* 


51130 


832 1 204 


0* 


1341 ± 589 


10.4821 UM4 


2116* 


13,000 1 2.000 


PolykC (50) 


3395 ± 1.122 


13861563 2.4741404 


12112 


15115 


32126 


326 1 206 


1014* 


3081 123 



'Human PBMC* were stimulated for 24 h with S27609 (3 Mg/ml) or LPS ( 1 ug/mJ), after which the supernannts were collected. Biter sterilized, 
and then analyzed for various cytokine concentrations. Data are presented as the mean 1 SO! of four experiments. •P < JOS compared with similarly 
treated untenanted PBMC 

*IFN was detected by btoassay and are presented in U/mL Other cytokines were determined using ELKSA and arc presented tnpe/mL Lymph 
indicates the ryrnphcxTte^nridied population and Mono indicates the mor*ocyte-enriched population. 



tinue to rise during the last 16 h. As TNF and IL-1 have 
been shown to induce IL-1, IL-6, and Hr6 [31-34], the 
later elevations may be due to indirect induction by TNF 
or IL»1. 

The results evaluating intracellular and secreted cytok- 
ine concentrations were not surprising. More than 90% 
of all of the cytokines, except for IL-la and IL-10, were 
secreted. On the other hand, approximately 50% of the 
IL-la and 15-25% of the IL-13 remained inside the cell 
upon stimulation with S-27609 or LPS. Previous studies 
by others using LPS show that IL-la remains largely intra- 
cellular [35, 36]. e 7 

Studies by Megyeri et al. [21] have implicated both B 
cells and monocytes as the cells responsible for IFN re- 
lease by imiquimod. Studies in our laboratory using 
imiquimod and S-27609 point to a strong role of mono- 
cytes in the release of IFN and other cytokines [18]. These 
studies were based highly on elimination of opulations 



responsible for cytokine induction rather than on positive 
selection. In this study we used positive selection of both 
lymphocytes and monocytes by CCE to evaluate cytokine 
induction by imiquimod and S-27609. Results showed in- 
duction of all cytokines evaluated to be in the monocyte- 
enriched fraction. On average, this population contained 
greater than 85% monocytes as measured by CD14 ex- 
pression and less than 5% lymphocytes. Thus, it appears 
that monocytes are the major cells secreting cytokines in 
response to imiquimod and S-27609. 

Generally, with monocyte secretion of cytokines, de 
novo synthesis is required rather than release of stored 
proteins as is observed for TNF secretion by mast cells 
[37]. The induction of all of the cytokines produced in 
response to S-27609 and LPS was inhibited by addition of 
acunomydn D or cydoheximide. IFN induction was not 
evaluated in the presence of actinomydn D and cydohexi- 
mide because these agents would negatively affect the 



1 2 3 4 5 6 7 8 



G3PDH 
TNF 



IFN 




Fir. 4. IFN, TNF. and IL6 mRNA induction by 
S-27609. Human PBMC* were stimulated for 4 h. 
after which RNA was extracted and amplified us- 
ing RT-PCR. Samples were separated by agarose 
gel electrophoresis. Lane 1. molecular weight 
markers: lane 2. positive control cDNA; lane 3. 
unstimulated PBMCs: lane 4. S-27609 (S 



IL-8 




ug/ mistreated PBMCs; lane 5. S-27609 (S ug'ml) 
♦ cvdoheximide (SO ug/ mistreated PBMCs: lane 
6. LPS (I ug/mD-treated PBMCs; lane 7. LPS (1 



itff/ml) ♦ cydoheximide (SO Uft'RuVtreated 
PBMCs; lane 8. cyctahcxinude (SO y& mistreated 
PBMCs. 
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I™ Fu "h«r studio evaluating mRNA expres- 

s on dariy demonstrated induction of IFN«. TNF^md 
IL* mRNA by S-27609. Induction was also^eeo faSe 
presence of cyclohcximide, indicating that protein synth£ 
sis was not required for induction and Ihat mRNA^dut 
t.on occurs through activation of alreao^resem 
transenpuon factors. Similar results wnvTlLu-? £. 

occurs in pan through acuvauon NlSS ?rfffiKE? 

2en« SS P "° n &Ct °!? « needed to acuwKJ 
£T?fi .^f ^ c ? un ? od «thnulates protein bmdinl^ 

genes pij. It ts postulated that S27609 will behave int 
similar manner to imiquimod. * 
In conclusion, this study extends previous finding 
demonstrating that imiquimod and S27609 induce a ^ 

K i& lag? ™ F - IFN ' ^ IMP iSt 

be thought ofTinununSoSlSS SSd^ ah ° 
that result in a number of cvTo^« wZc.TT cffecu 
nological effects act in conc^^n^^^ 
biological activity of this class of agemT WTaU 
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